INTRODUCTION
Fragmental breccias are common products of large meteorite impacts on the Earth and Moon.
They consist of clastic fragments of various target lithologies that were lithified by the heat and shock of impact. Also known as ctastic matrix breccias, fragmental breccias occur in continuous cjecta deposits outside craters and as layers inside craters (StOffler et aL, 1979) . At the Apollo 16 landing site in the lunar Central Highlands, the most common rock typc recovered from the rim of North Ray crater (-I km diameter) is "feldspathic fragmental breccia," i.e., fragmental breccia that consists largely of plagioclase-rich fragments (St6fflcr et al., 1980; James, 1981 St0ffler et al. (1985) and as regolith breccias by McKay et al. (1986) .
A subset of regolith breccias from Apollo 16 is designated "ancient" because the breccias are composed of regolith that existed during the time of basin formation~3.9 Ga ago (McKay et al., 1986; Wentworth and McKay, 1988b 
EXPERIMENTAL
Samples of ARB were coarsely crushed with an agate mortar and pestle and fragments dominated by single clasts were extracted. Matrix from the clast samples were trimmed using a stainless steel chisel. A total of 71 subsamples, each consisting of portions of single clasts (possibly with minor adhering matrix), was obtained from six breccias (samples 60016, 60019, 61135, 65095, 66035, and 66075) and analyzed by instrumental neutron activation analysis ([NAA; Korotev, 1991) . The average mass of the clast subsamples was 15 rag. Subsequent to INAA, thin sections were prepared of some of the clasts. In addition to clasts, 15 subsamples dominated by fine-grained matrix from these same six ARBs were analyzed; 4 subsamples of FFB sample 63578 (20-50 mg each); and 12 samples of fine fines (unsieved or <1 ram) from station 1t at North Ray crater, including some previously unstudied residual fines from collection bags accompanying rocks (see ]'able 6 of Ulrich, 1981) . po [ymict materials (e.g., McKay et al., 1986; Korotev, 1991 Korotev, , 1994 Table I ). As noted by McKay et al. (1986) , there is a trend among matrix subsamples of increasing concentration of ITEs, such as Sm, with increasing concentrations of Sc and other elements carried by mafic phases (Fig. l a) . Subsamples of some breccias (e.g., 66035 and 66075) span nearly the entire range ot" compositions that are seen among all ARBs. Although the different breccias are petrographically diverse (McKay et al., 1986; Simon et al., 1988) Clasts from ARBs are even more variable in composition but most fall into one of two compositional suites, each of which defines a compositional trend on the Sc-Sm plot (Fig. I b) . The Sinrich suite is defined mainly by clasts with >8 _tg/g Sm All clasts of this type are Sm-rich mafic impact-melt breccias of compositional groups I and 2 (Korotev, 1994) . They correspond to "crystalline/ melt matrix" breccias (McKay et al., 1986) and "poikilitic rocks" and "impact melts" (Simon et al., 1988) et al., 1984; Spudis, 1984; Taylor et al., 1991) . indeed, the time of basin formation,~3.9 Ga ago, has been established mainly by the crystallization age of mafic impact-melt breccias.
RESULTS

Compositional
On the Sc-Sm plot, the extrapolation in the low-Sin direction of the trend of the mafic melt-breccia clasts is nearly colinear with the mixing trend defined by the matrix subsamples (Fig. Ib) .
Of the 52 clasts of mafic impact-melt breccia, 66% are of group-2 composition (nominally, 8-16 _tg/g Sin) and the remaining 34% (Table 3 , column 1). The dashed line (in a and b) is a least-squares fit to the Smpoor clasts of (b) and is defined by points (0, 0.31) and (25, 3.37) . The intersection of the extrapolation of the solid line (dotted) and the dashed line (at 4.0 ,ag/g Sc and 0.80 p_g/g Sin) provides one estimate of Sc and Sm concentrations of the prebasin regolith (Le, the composition of ancient regolith after removal of the components of Sin-rich, mafic impact-melt breccia, MIMB). Based on the regression for the Sin-poor clasts, the average Sm concentration of clasts with 4 p.g/g Sc is 0.80 • 0.24 pg/g (95% confidence limit). The X represents a different estimate of the composition of the prebasin regolith, that from Table 3 (column 5), which is based on averages (Eq. I), not trends. The slight offset in the two estimates occurs because the extrapolation of the trend of the matrix samples into the field of the MIMBs (b) does not exactly intersect the average composition of the MIMB clasts, which was used to define the MIMB component of Table 3 . Samples symbolized with an "E" are 61516, 63588, 63595, 65715, and 66036 (one subsample each). Plot (a) is restricted to "ancient" samples for which 4°Ar/3('Ar > 12 (McKay et al., 1986) , thus sample 60019 (4°Ar/36Ar = 9.7) is not included (60019 subsamples tend to have slightly greater Sc concentrations, probably from a mare component, and plot somewhat off the trend). Data sources are W_nke et al (1974, 1975) , McKay et al., (1986) , Simon et al (1988) , Jerde et al. (1987) , and this work. In plot (b), most clasts from ARBs lie on one of two compositional trends. The Sin-rich trend is defined by MIMBs similar to those found as large rocks about the site. Most of the clasts correspond to compositional group 2DB CVHA"); those with >16 p.g/g Sm correspond to groups IM and IF CI,KFM; " Korotev, 1994) . The Sm-poor trend is defined by Sin-poor lithologies, such as anorthosites, granulitic breccia.s, glasses, feldspathic melt rocks, and plutonic norites and troctolites. These lithologies are also characteristic of the feldspathic hmar meteorites: the compositional range of bulk samples of feldspathic lunar meteorites is shown (Koeberl e/al, ]989; lolliffet al, 1991; Korotev et al, 1995) . Clasts symbolized with an "E" are all from 60019. The mean composition of the MIMB clasts and the Sin-poor (<3 lag/g) clasts are shown by hollow squares ( (Lindstrom and Lindstrom, 1986) . For the four samples with >10 p.g/g Sc, Mg" is <58 (67455 and subsamples of 67513). The field of"mafic impact-melt breccias from North Ray crater" is defined by samples of Fig. 3 Cgroup-2NR melt breccias") and the melt breccias from North Ray crater of Fig. 17 of Korotev (1994) . The dashed line, which is thc same as that of Fig. 3 , illustrates the mixing trend between the bulk samples and thc mafic impact-melt breccias. This trend is similar to that of the ARBs (solid line, from Fig. 1 ) but runs parallel to it, at higher Sc concentration, because both the Sin-poor and Srn-rich componcnts of the FFBs have greater Sc concentrations than the corresponding components of the ARBs. The X represents the estimated average composition of the residual prebasin components of the FFBs (Table 3 , column 6) after removal of the melt breccia component from the mean composition of the typical FFBs (solid square). The two open circles with _10 Hg/g Sm are subsamples of 67435, which is classificd as an FFB (St0ffler et al., 1985) but is an unusually mafic sample that contains a large melt-breccia component (Warner et al, 1976) . See Fig. 3 for other sources of data.
The value f can be obtained from Eq. (I) by' assuming that
CpBR,S, n is 0.80 lag/g, as estimated above from Fig. I . This leads to a value of 27.5% for f, and using this value, Cpn R for other elements can be calculated ( from FFBs form two trends (Fig. 3) qualitatively, similar to those of the clasts from the ARBs (Fig. lb) Values in _ag/g, except oxides and Mg' in mass percent. FeO t = total Fe as FcO; Mg'= bulk mol% Mg/(Mg+Fe). Samplc numbers in italics are not true soils but residual fines samples from collection bags for rocks with the corresponding 67xx5 sample number, except that 67610 accompanied rake sample 67600 (Ulrich, 1981) . No data are available lbr concentration values in parentheses; the values are estimates based on the accompanying rock and other similar FFB samples: A1203 estimated from anticorrelation with FeO; MgO calculated to give the same value of Mg'; TiO 2 estimated from A1203 and FeO; K20 estimated from weak correlation with ITEs; SiO 2 estimated from closure. Data compiled and averaged from LSPET (1973), Duncan et al (1973) , Haskin et al. (1973) , Simkin et al. (1973) , Taylor et aL (1973) , Wanke et aL (1973) , Fruchter et al (1974) , Rose et aL (1975) , Rhodes et al. (1975 ), Boynton etaL (1975 , 1976 ), l,aul and Papike (1980 , Korotcv (1982) , Jolliff and Ilaskin (1995) , and this work. not found at North Ray crater (Jamcs et al., 1984; McKinley et al., 1984) . Compositional group I is characteristic of stations of the Cayley plains and is rare to absent at station I 1 on the edge of North Ray crater, although some samples were found at station 13, -1 km from the crater. In contrast, most samples of compositional group 2NR were lbund at North Ray crater (Korotev, 1994) .
As with the ARBs, we can estimate the average composition of the prebasin components of the FFBs by subtracting the average composition of group-2NR impact-melt breccias (Table 3 , column 4) from the average composition of the FFBs (column 2) using Eq.
(I). Again, however, we are laced with the question of how much to subtract, i.e., the magnitude off From the distribution of Smpoor points on Fig. 3 , it is unlikely that the Sm concentration of the prebasin portion of the FFBs is <0.2 p.g/g (i.e.,f < 13.5%) or >~1.2 p_g/g (f > 6%).
Because, like the ITEs, siderophile elements are carried in large part by the component of mafic melt breccia, siderophile-element concentrations also help constrain the value of f It is unlikely that the average Ni concentration of the prebasin components is <20 I.tg/g (i.e., f< 12%) because this is the lowest value observed among granulitic breccias from North Ray crater, a principle component of the FFBs. It is also probably not >-70 _tg/g (f > 4%), which is the mean for the soils with the lowest Sm concentrations (Table 4) . Thus, the FFBs probably contain between 6% and 12% MIMB component.
For convenience in comparison, I
assume that the average Sm concentration of the prebasin components of the FFBs (CI,_c) is 0.80 p.g/g, the same as that for the ARBs.
This leads to f= 9.2%; using this value, concentrations of other elements in the average prebasin components of the FFBs can be calculated from Eq. (1) ( Table 3 , column 6).
The FFBs contain a lower average abundance of mafic impactmelt breccias (9.2%) than the ARBs (27.5%), but the variation among different FFB samples is large, ranging from essentially zero to _25% (and >80% for anomalous sample 67435; Fig. 2 ). This observation is consistent with the petrographic data of St0ffier et al. (1985) , who noted that the average abundance of mafic melt breccias (intergranu[ar, micropoikilitic, subophitic-ophitic-intersertal) was~5%, but ranged up to _20% among different samples of FFB. Note that of thc first two samples of Table 7 of St6ffier et al. (1985) , the only two samples from station 13, are those classified as ARBs by McKay et al. (1986) .
Samarium-poor
components-Several significant differences also exist between the average compositions of the Sm-poor components of the FFBs and ARBs (Table 3 , columns 5 and 6).
First, the Sm-poor components of the FFBs are slightly more marie, being richer in Fe, Mg, Sc, and Cr and poorer in AI20 3 and CaO. Second, the ratio of concentrations of heavy rare earth elements (REEs) tolightREEs isslightly greater fortheprebasin components oftheI:Fl_s (Fig.4) ,a characteristic con- et al., 1985) , yet thcy are unusual on the Cayley plains stations (i.e., the central and southern stations of the Apollo 16 site). Also, the few samples that do occur (e._., 60075) may be, in fact, eiecta from North Ray' crater, and several of the feldspathic "fragmental polymict breccias" of Ryder and Norman (1980) are actually regolith breccias (e.g., McKay et al., 1986) .
Most ARBs, on the other hand, were found at central and southern stations; none were found at stations I l (Fig. Ib) . Most of the marie impact-melt breccias from North Ray crater samples belong to compositional group 2NR, which has greater Sc and Cr concentrations than does the otherwise similar group 2DB of the Cayley plains (Korotev, 1994) . The dashed line segment is a mixing line defined by' the mean composition ofgroup-2NR melt breccias (Korotev, 1994) and the mean composition of the FFBs (Table 3 , column 2). Data sources are Laul and Schmitt (1973) , Lindstrom and Salpas (1981, 1983) , Marvin and Lindstrom (1983) , Marvin et aL (1987) , Korotcv (1983) , W_inke et al. (1973 W_inke et al. ( , 1975 W_inke et al. ( , 1976 W_inke et al. ( ), Warner et al. (1976 , Warren and Wasson (1978) , Wasson et al (1977 ), Jolliffand Haskin (1995 , and this work. For clarity, data from the highly unusual FFB sample 67975 (Lindstrom, 1984) are not plotted.
on the edge of North Ray' crater and only two were found at nearby' station 13 (McKay et al., 1986) . Thus, the ARBs are not eiecta from North Ray crater but are a component of the regolith of the Cayley plains. The Cayley plains were probably produced by' the Imbrium impact (Oberbeck, 1975; tlodges and Muehlberger, 1981; Spudis, 1984) , and it is likely that at least some of the components of the ancient regolith, which is represented by' the ARBs, have a provenance, northwest of the site, toward the hnbrium basin. In contrast, the Sin-poor components of the North Ray' crater eiecta arc thought to derive from beneath the blanket of Cayley debris in the Descartes Formation (Norman, 1981; StOffier et aL, 1985) , which is probably'
Nectaris ejecta (StOffier et al., 1985) . et aL, 1976; Davis, 1980; Korotev et al.. 1980; Luccy et al., 1995: Fischer and Picters, 1995) . This observation is confirmed by the fcldspathic lunar meteorites, which provide independent estimates of the composition of the lunar crust (e.g., Palme et al., 1991 Table 3 ). The absolute concentrations are highly sensitive to the assumed abundance of mafic impact-melt breccias 0c in Eq. 1). For this illustration, Sm concentrations were assumed to be 0.80 _tg/g tbr both; see text. Compared to the prebasin portion of the ARBs, that of the FFBs has a higher concentration of Eu and a greater ratio of heavy REE (Tb, Yb, Lu) and richer in ITEs (Korotev et al., 1980; Korotev and Haskin, 1988; Warren and Kallemeyn, 1991; Lucey et al., 1995) . These differences are directly attributable to the high abundance (-30%) of KREEP-bearing, mafic impact-melt breccias in the regolith of the Cayley plains (Morris et al., 1986; Korotev, 1996) , 1983; St0ffler et al., 1985; Simon et aL, 1988 The average Mg/Fe ratio of the early lunar crust is an important, but unknown, petrologic parameter (e.g., Korotev et al., 1980; Korotev and Haskin, 1988; Warren, 1990 (Obcrbcck, 1975; Spudis, 1984 
